Introduction
Steroidal compounds display a variety of biological functions and play a very important role in life [1, 2] . The steroidal drugs are widely used in traditional medicines, such as antibacterium, hormone kind medication, etc. The introduction of heteroatom or replacement of one or more carbon atoms in steroidal molecule by a heteroatom affects the chemical properties of the steroidal molecule and often results in alterations of its biological activities. The study of natural products which isolated from marine life showed that the steroidal compounds bearing different functional groups, such as hydroxyl, hydroximino, hydrazone, sulfate groups, had excellent cytotoxicity against some tumor cells [ 3 7] .
A variety of steroids with unusual and interesting structures have been synthesized and evaluated for their anti tumor activity [8 10] . In order to evaluate the anti tumor activity of new steroi dal derivatives, we synthesized a series of steroidal oxime deriva tives and investigated their cytotoxic activity against different types of cancer cells [11, 12] . Interestingly we found that the cyto toxic activity of a steroidal oxime is dependent on the cholesteric side chain and function groups at position 3 and 6 on the steroidal nucleus.
Azahomosteroids are also a class of steroid compounds which were synthesized and modified in order to increase biological activity of steroids. These compounds have been tested success fully as anti cancer drugs against several types of cancer cells [13 17] . In order to find novel and effective anti tumor agents, we synthesized a series of 17a aza D Homo andrester 17 one, 3 aza A homo 4 one bile acid and 7 deoxycholic acid derivatives with various groups on the steroidal nucleus, and the results showed that these compounds could exhibit a high cytotoxicity to HeLa tumor cell line in vitro [18, 19] . Here, some steroidal com pounds carrying lactam at A ring and a different active group on the 6 position of steroidal nucleus were synthesized and evaluated for their antiproliferative activity against some cancer cells.
Experimental

Chemistry
The sterols and NaBH 4 were purchased from the Merck Co. All chemicals and solvents were analytical grade and solvents were purified by general methods before being used. Melting points were determined on an X 4 apparatus and were uncorrected. Infra red spectra were measured with a Nicolet FT 360 Spectrophotom eter. The 1 H and 13 C NMR spectra were recorded in CDCl 3 on a Bruker AV 600 spectrometer at working frequencies 600 and 150 MHz and a Bruker AV 300 spectrometer at working frequen cies 300 and 75 MHz, respectively. Chemical shifts are expressed in parts per million (d) values and coupling constants (J) in Hertz. LREIMS were recorded on a Thermo DSQ instrument. The cell pro liferation assay was undertaken by a MTT method using 96 well plates on Biocell ELISA analysis spectrometer.
(3E) Hydroximinocholest 6 one (1) was prepared according to procedures in the literature [12] .
The synthesis of 4 aza A homocholest 3,6 dione (2) and 3 aza A homocholest 3,6 dione (3)
The solution of thionyl chloride (2.1 mL) in 5 mL dry THF was added to a solution of oxime 1 (450 mg, 0.99 mmol) in dry THF (15 mL). The solution was stirred under anhydrous conditions for 1 h at 0°C. Then the reaction was terminated and water was added to the solution. The solution was neutralized with ammonia and the product was extracted with CH 2 Cl 2 (20Â 3 mL). The combined extract was washed with water, 5% NaHCO 3 , and saturated brine, dried over anhydrous Na 2 SO 4 and evaporated under reduced pres sure to give a crude product (750 mg) which was chromatographed on silica gel (elution: petroleum ether (60 90°C)/EtOAc (1:5)) to give a yellow oily mixture. The oily mixture was further subjected to chromatography (methanol/dichloromethane (1:20) 6 Hydroxy 4 aza A homocholest 3 one (4) To the stirred solution of 2 (100 mg, 0.24 mmol) in CH 3 OH (15 mL) was added NaBH 4 (30 mg, 0.79 mmol) in one time at room temperature. After 30 min, the reaction was stopped. The solution was neutralized with 1 M HCl. After evaporation of the majority of MeOH under reduced pressure, the residue was extracted with ethyl acetate (3Â 15 mL). The organic layer was washed with cold water and saturated brines. After drying over anhydrous sodium sulfate, the solvent was removed under reduced pressure and a crude product (90 mg) was obtained. 4 aza A Homocholest 3,6 dione 6 thiosemicarbazone (6) A mixture of 4 aza A homocholest 3,6 dione (100 mg, 0.249 mmol), thiosemicarbazide (124 mg, 0.5 mmol), and a few drops of glacial acetic acid (0.5 mL) in 95% ethanol (20 mL) was stirred at 60 70°C for 2 h. After completion of the reaction, the majority of solvent was evaporated and some water was added to this solution. The mixture was extracted with CH 2 Cl 2 and the ex tract was washed with saturated brine, dried with anhydrous so dium sulfate and evaporated under reduce pressure. The resulting residue was chromatographed on a column of silica gel with a mixture of DCM methanol 
Antiproliferative activity
Material and methods Stock solutions of the compounds were prepared in sterile di methyl sulfoxide (DMSO) (Sigma) at a concentration of 10 mg/mL and afterward diluted with complete nutrient medium (RPMI 1640) supplemented with 10% heat inactivated fetal bovine serum and 0.1 g/L penicillin G + 0.1 g/L streptomycin sulfate.
Cell culture SMMC 7404 (human liver carcinoma), MGC 7901 (human gas tric carcinoma), HeLa (human cervical carcinoma) cancer cells were grown in the medium (RPMI 1640) supplemented with 10% cosmic calf serum and 0.1 g/L penicillin G + 0.1 g/L streptomycin sulfate in a humidified atmosphere of 5% CO 2 at 37°C.
Assay for cell viability
The viability of these cells was determined using MTT (3 (4,5 dimethylthiazol 2 yl) 2,5 diphenyltetrazolium bromide) dye reduction assay. Briefly, cells ( The absorbance (A) at 492 nm was measured using a Biocell ELISA analysis spectrometer. The IC 50 value was calculated as the concen tration of drug yielding 50% cell survival. The effect of compounds on the morphology of treated human carcinoma cells was investi gated by the light microscope and then photographed by Ni kon(TE2000 U) inverted microscope.
Results and discussion
Chemistry
Scheme 1 outlines the synthetic procedures of compounds 2 9. In our previous report [12] , compound 1 was obtained in 66.5% yield by four steps using cholesterol as a starting material. The structure of compound 1 had been confirmed by its IR and NMR spectra.
The compounds 2 and 3 were synthesized by Beckmann rear rangement of 1 with SOCl 2 /THF at 0°C. In the reaction, the com pound 2 with 4 aza structure was obtained as a major product in 45% yield. At the same time, the compound 3 with 3 aza structure was obtained as a byproduct in 21.5% yield. The structures of 2 and 3 were confirmed by analysis of the proton and carbon NMR chem ical shifts at 2 C and 4a C. Resonances showing of C 4a bH at NMR revealed the presence of the broad singlet at 6.007 ppm in 2 and 6.040 ppm in 3 for the amide proton. Compounds 4 and 8 were obtained by reduction using NaBH 4 as reductant in CH 3 OH. The structures of compounds 4 and 8 were de duced from its analytical and spectral data. In the 1 H NMR spec trum, the resonances showing of C 6 bH at 3.420 ppm (ddd, J = 15.6, 12.0, 4.2 Hz) and 6 C at 73.6 ppm for 4 and C 6 bH at 3.725 ppm (ddd, J = 15.6, 9.3, 4.2 Hz) and 6 C at 73.6 ppm for 8 demonstrated a position of 6 hydroxy respectively. In IR spectrum, the absorption peaks at 3411 3378 cm À1 showed that 6 carbonyl had been converted to 6 hydroxy in 4 and 8.
Apparently all steroidal lactams (2 9) displayed a distinct cyto toxicity against these cancer cells. Although the cytotoxic activity against MGC 7901 and SMMC 7404 cells was not significantly different between 4 N lactam 2 and 3 N lactam 3 or 5 and 9, 3 N lactams showed a higher cytotoxicity against HeLa cells than 4 N lactams. Interestingly 4 N lactam 4 exhibited a high cytotox icity to all cancer cells tested, but the cytotoxic activity was remarkably deceased in 3 N lactam 8 although HeLa cells were sensitive to the compound.
Compounds 2 and 4 7, with same 4 N lactam structure and dif ferent types of 6 substituted groups, showed a distinct difference in their cytotoxicity against these cancer cells. The analogs 4 and 5, with a hydroxyl or a hydroximino at C 6, remarkably increased their cytotoxic activity against MGC 7901 and SMMC 7404 cells in comparison with the analogs 2 and 7, which have a carbonyl or semicarbazone groups at C 6. Compounds 6 and 7 with a thio semicarbazone or semicarbazone groups at C 6 had a better cyto toxicity than compounds 2, 4 and 5 against HeLa cells. Here 
Conclusion
We have prepared a series of 3 aza A homo 3 oxycholestane and 4 aza A homo 3 oxycholestane derivatives with different substituted groups at position 6 of the ring B. The antiproliferative activity of the synthesized compounds against SMMC 7404, HeLa and MGC 7901 cancer cells was investigated. All these compounds displayed a distinct cytotoxicity against these cancer cells. Our results revealed that the structures of functional groups at posi tion 6 on the steroidal ring are crucial for the IC 50 value of antipro liferative activities of these compounds and the cytotoxic activity against MGC 7901 and SMMC 7404 cells was not significantly different between 4 N lactams and 3 N lactams when its 6 substi tuted group was a carbonyl or a hydroximino, but all 3 N lactams showed a higher cytotoxicity against HeLa cells than 4 N lactams. Our findings could provide new evidence showing the relationship between the chemical structure and biological activity and may be useful for the design of novel chemotherapeutic drugs. Post-print standardized by MSL Academic Endeavors, the imprint of the Michael Schwartz Library at Cleveland State University, 2017.
